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consideration applies to therm o dynamic systems of a more general character, and shows that in discussing the stability of a system with n degrees of mechanical freedom it is necessary to contemplate variations other than changes in the values of the n + 1 variables which are sufficient to specify the state of the system as long as it remains homogeneous. For the present we confine ourselves to a detailed discussion of the case of a homogeneous fluid , which will sufficiently indicate the general character of the analytical results obtained when any case of thermodynamic stability is worked out by the methods of the differential calculus as a problem in maxima and minima.
We have to consider the possibility of displacements in which the fluid instead of remaining homogeneous divides itself into two or more parts differing in their physical properties , as illustrated, for example, by a liquid in contact with its vapour, or a substance partly in the solid and partly in the liquid state. If by such a change the available energy could be decreased the homogeneous state would be unstable, and examples of such unstable states are not uncommon in actual experience.
If we consider an element of the fluid whose mass is a very small fraction of the total mass, any change in the state of this element will produce a correspondingly very small change in the pressure and temperature of the remainder. By dividing the fluid up into differential elements of mass (§ 46) the condition of stability of each element is seen to be correctly obtainable by making the assumption that the fluid surrounding that element is kept at constant pressure and temperature. Taking T, p to be this temperature and pressure, u, vy s the energy, volume, and entropy of a unit mass of the fluid at any point in the equilibrium state, u!, v\ s* their values at any neighbouring state, we must have at every point
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Now let the energy u be expressed as a function of the entropy s and volume v. Putting sr — s = li, v1 — v = Jc and expanding u in powers of h, Jc by Taylor's Theorem we find to the second order in \ &
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For equilibrium the terms of the first order vanish; for stability those of the second order are positive. Therefore for equilibrium
du      m      du
and for stability